A series of large-ring polybenzocrown ethers is prepared by cesium-assisted cyclizations. Reactions of diphenols/bisphenols, dimesylates of oligoethylene glycols and cesium carbonate in MeCN produce the large-ring polybenzocrown ethers in high yields. To gain further insight into the structures of these compounds, solid-state structures of three large-ring crown ethers are obtained by X-ray diffraction.
Introduction
Increasing the number of benzo substituents in a crown ether framework can significantly alter the properties of the ligand. Generally speaking, adding benzo substituents will increase the rigidity of the crown ether framework and enhance lipophilicity, but decrease the basicity of the oxygens attached to the aromatic rings. 1 Although Pedersen synthesized many examples of crown ethers with different numbers of benzo substituents in large-sized crown ether rings, many of the yields were very poor. Cesium-assisted cyclization has been found to be a viable method for the synthesis of monobenzocrown ethers (vide infra). 2 Therefore, the preparation of multibenzocrown ethers by Pedersen's Method W strategy 1 (Scheme 1), but with a cesiumassisted cyclization protocol (diphenols, dimesylates and cesium carbonate in MeCN) was explored.
Scheme 1. Method W as described by Pedersen in reference 1.
Development of a Method W approach for the synthesis of di-, tri-and tetrabenzocrown ethers required the preparation of the bisphenol precursors. Tribenzo-18-crown-6 (6) and tribenzo-21-crown-7 (8) were selected as the initial multibenzocrown ether targets (Scheme 2). This pair of crown ether compounds was chosen because a common dimesylate reactant could be used for both ring closure reactions. Further, since these crowns were originally reported by Pedersen, it would allow for a direct comparison of yields obtained by the new method. 
Results and Discussion
Numerous methods for the preparation of crown ethers have been reported. [5] [6] [7] [8] [9] [10] Most commonly employed methods utilize a 'template effect' by matching the size of the crown ether cavity formed with the diameter of an appropriate templating cation. The obvious challenge presented with these reactions is the formation of the macrocycle instead of oligomeric side products. Most often high dilution conditions are employed, but this necessarily limits the reaction scale and increases cost by requiring large volumes of organic solvents. For the present work, indirect high dilution conditions were employed through the use of a syringe pump. Using relatively concentrated solutions (0.045 M in bisphenol, 0.090 M in dimesylate) slow addition of the dimesylate via syringe pump provided a means through which the solution concentration of the electrophile was low, favoring cyclization over oligomerization. The diol precursor to the targeted dimesylate 5 was prepared by modifying a reported procedure. 11 With the starting materials in hand, cesium-assisted ring closures were attempted for the synthesis of the tribenzocrown ethers. After purification, tribenzo-18-crown-6 (TB18C6, 6) and tribenzo-21-crown-7 (TB21C7, 8) were obtained in 84 and 85% yields, respectively. These yields are remarkable when compared to the yields of 28 and 19% reported by Pedersen for TB18C6 and TB21C7, respectively. 1 The clean reactions and high product yields led to the expansion of the scope of this study to larger 24-membered-rings. Thus, cesium-assisted cyclizations of bisphenol 4 with dimesylate 5 resulted in a 67% yield of tetrabenzo-24-crown-8, (9) . In a literature report of the preparation of (9), the yield was 33% under different reaction conditions using a [2+2] cyclization from catechol and the ditosylate derivative from the same diol used to prepare 5. 12 Although crown ethers containing a three-carbon bridge are usually poorer metal salt extractants 1 than two-carbon-bridged analogs, tribenzo-19-crown-6 (TB19C6, 7) was synthesized in 73% yield, which is a dramatic improvement from the 16% yield reported by Pedersen.
1
Selected salts prepared from these ligands were recently reported.
13
Development of the synthesis of bisphenols Bisphenol 3 (Scheme 3) was synthesized on a 600-g scale as a stock starting reagent for other purposes, so it was not necessary to prepare this starting material for the reported work.
Protecting groups for catechol were evaluated as a precursor to bispenols. Dihydropyran was chosen as the initial protecting group for catechol, resulting in the tetrahydropyranyl (THP) acetal. The traditional method for the synthesis 1 of such compounds in basic aqueous or alkanolic solvents with catechol and the dihalide of an oligoethylene glycol gave low yields with the formation of oligomeric side products. Due to the success for the cesium-assisted ring closures, this type of conditions was employed for the preparation of bisphenol 1 and 70% yields were obtained after deprotection (Scheme 4). Scheme 4. Alternate synthetic routes for the preparation of bisphenols used in this work.
Since this is a statistical reaction, column chromatography was required to isolate the desired mono-protected catechol. While this was readily accomplished on alumina, it was found that upon standing, the purified mono-THP protected catechol would decompose back to catechol. This was problematic for the subsequent ring-closure reaction since it was empirically determined that the remarkably high yields were compromised by the presence of this undesired contaminant. Therefore, guaiacol (2-methoxyphenol, the commercially available, monoprotected methyl ether of catechol) would be an attractive alternative should the alklylation proceed acceptably. It should be noted that Pedersen 1 mentioned guaiacol as a potential starting reactant for the preparation of crown ether compounds, but an adequate method for selective removal of the methyl protecting groups was not found. Ether 1P was synthesized by reaction of guaiacol, the dimesylate of ethylene glycol, and cesium carbonate in MeCN. The crystalline crude product was easily recrystallized and obtained in 90% yield. In a previous preparation, 14 guaiacol was alkylated with the dimesylate of propylene glycol and NaOH in MeCN and the ether 2P was realized in 65% yield. In comparison, the use of cesium carbonate as the base for a similar preparation of ether 1P which was obtained gave a 90% yield. Buchanan [15] [16] [17] reported the synthesis of 1P and 2P in low yields from guaiacol, the dihalide and an alkali metal hydroxide. Clearly, the use of cesium carbonate resulted in a significant improvement from the previously reported procedure. Thus the clean, high yielding alkylation with guaiacol satisfied the synthetic requirement to improve the method by avoiding mono-THPprotected catechol.
reagents which might be effective in removal of the protecting methyl groups. The reagents employed resulted either in no reaction (HBr•HOAc) or were not selective as multiple products were observed by TLC (trimethylsilyl iodide), suggesting cleavage at additional ether linkages. Harrison 19 reported the demethylation of methyl aryl ethers using LiI in 2,4,6-trimethylpyridine (collidine) at reflux (170-171 ºC). When this method was employed, the desired bisphenol 1 was obtained in 80-90% yields after workup and purification. It was observed that at 150 ºC the reactants dissolved and the heterogeneous mixture became homogeneous. Reaction was observed by the formation of a precipitate, presumably the di-lithium salt of the bisphenol. Analysis of the product by TLC and by 1 H NMR spectroscopy revealed that only the desired bisphenol was present with no evidence of other cleavage products. Despite the high temperature of the demethylation, the reaction can be described as clean.
To evaluate the method further, bisphenols 2 and 4 were also synthesized (Scheme 4). The methyl-protected ethers 2P and 4P were prepared in 90 and 87% yields, respectively. Demethylation of 2P proceeded in high yield with no evidence of additional cleavage products. Initially bisphenol 4P was obtained in 50% yield together with multiple cleavage products, as indicated by 1 H NMR spectroscopy. Since dissolution of 4P was observed at 150 ºC, the deprotection reaction was repeated at this temperature in the hope that a lower temperature would reduce the formation of multiple cleavage products. An examination of the reaction revealed the presence of a "refluxing" white solid between the solution and the condenser. It was postulated that this solid might be the N-methyl collidinium iodide produced by reaction of collidine with the cleavage by-product methyl iodide. If this indeed were the case, the N-methylcollidinium iodide would serve as an iodide source for additional demethylations. Therefore, a nitrogen gas inlet was installed into a neck of the reaction flask so that the inert gas could act as a carrier to help remove the methyl iodide through the condenser. Since the boiling point of methyl iodide is 41-43 ºC, it was reasonable to assume that it could be swept from the apparatus as it was formed. As a result when the reaction was repeated at 150 ºC with the nitrogen inlet modification, the desired product was obtained in 64% yield with no evidence of additional cleavage products by 1 H NMR spectroscopy.
Due to the cost of the reagents, less expensive alternatives were sought based on literature methods and through recovery and reuse of the collidine. Bradshaw 11 reported the use of LiCl in DMF for the demethylation of methyl aryl ethers. However, this combination of reagents failed to demethylate 1P after 24 hours at 150-153 ºC as shown by TLC and 1 H NMR spectroscopy.
Two other combinations, LiCl in collidine and LiI in DMF were attempted, but these reagent combinations did not demethylate 1P either.
To reduce the cost of the reagents, the procedure was modified to recover the collidine by high vacuum distillation instead of its removal by extraction into a highly acidic aqueous phase. The recovered collidine was purified by stirring with and distillation from solid NaOH under high vacuum distillation through a Vigreux column and was used in a demethylation reaction and found to work with no decrease in yield or purity of the product.
Although it was observed that the crude demethylated bisphenols obtained by the LiI/collidine method were essentially pure by TLC and by 1 H NMR spectroscopy after only an aqueous workup, the products were recrystallized since it was observed that the highest yields in subsequent ring closure reactions (>85%) were obtained when bisphenols of high purity were employed. It should be noted that anhydrous LiI beads (99%) were preferred over the anhydrous LiI powder because of their increased stability to oxidation. It was observed that when the LiI employed had a yellow color (presumably molecular iodine), the demethylation yield decreased. Consequently, LiI with a yellow color was heated to 120 ºC under high vacuum to remove the color. Demethylations using LiI "purified" by this method proceeded in the same high yield as with new LiI. Heating LiI to 120 ºC under high vacuum, followed by storing the salt in an amber bottle under a dry, nitrogen atmosphere is recommended. The value of this method is realized by the high yields of valuable bisphenol precursors and the fact that oligomeric side products are avoided, in contrast to traditional methods which employ the alkylation of dihalides in basic aqueous or alkanolic solvents.
Due to the wide commercial availability of oligoethylene glycol reagents, conversion of the terminal alcohols to good leaving groups with methanesulfonyl chloride was employed. It was determined that methanesulfonyl chloride proved to be readily applied to a variety of oligoethylene glycol reagents in dichloromethane with triethylamine as the base and resulted in crude products by 1 H NMR spectroscopy that did not require further purification.
Solid-state structures of polybenzocrown ethers
Single crystals of 6, 7, 8 and 9 were easily prepared and subjected to X-ray diffraction analysis. Sachleben et al. previously published the acetonitrile solvate of 6 (6•MeCN) 3 and the structure of 9 (identical to our structure). 4 Three unique structures are reported here ( Figure 1 ) and the crystallographic data are presented in Table 1 .
Crystal structure of TB18C6 (6). Crown ether 6 crystallizes in the triclinic space group P-1 with two unique molecules in the asymmetric unit. The conformation of each unique molecule is a rather unusual folded conformation ( Figure 1a) where two of the benzo substituents produce a pocket. Each unique molecule contains a disordered ethylene linkage between the nearly parallel benzo substituents which extends above the general plane of the rest of the molecule (Figure 1b ). The disordered ethylene units are characterized by unusual trans (antiperiplanar) torsion angles (Table 2) , while the remaining O-C-C-O torsion angles are either gauche (+/-60º), ethylene bridges or eclipsed (0º), benzo bridges. In addition, all of the torsion angles leading to the disorder are very distorted gauche ranging from -115 to 82°. The observed conformation, and indeed the fact that two unique molecules are observed, appear to be the result of maximization of C-H The unusual conformations observed in the solid state are a result of maximizing the weak C-H•••O interactions and are unlikely to be maintained in solution. The power of such weak interactions to organize the crown ether into a specific conformation is nonetheless evident when comparing the solid state structure of 6•2MeCN (Figure 1c) to (6) . In 6•2MeCN, there is no disorder, no unusual trans O-C-C-O torsion angles, and all of the oxygen atoms are oriented toward the center of the crown as found for the potassium picrate salt, K6picrate 13 ( Figure 1d ).
The complexed crown ethers exhibit significantly less folding compared to the free crown 6. K6picrate is not disordered and all of the ethylene units display normal +/-gauche conformations.
All of the oxygen atoms are oriented toward the center of the crown ring to facilitate binding of the metal cation.
Crystal structure of TB19C6 (7). Crown ether (7) crystallizes in the orthorhombic space group Pna2 1 with one unique molecule in the asymmetric unit. The flexibility afforded by the replacement of an ethylene bridge in (6) with a propylene bridge in (7) allows more folding of the crown ether near the nearly planar benzo substituents (Figure 1e , f) which is more pronounced than in (6). The overall conformation here is also likely caused by intermolecular packing forces, as exemplified by the five molecules in Figure 3 . As in (6), (7) packs in an interlocking fashion, with one of the similar benzo rings on one molecule inserting itself into the pocket formed by two folded benzo substituents of a symmetry-related molecule. The distance from the centroid of the oxygen atoms in the second molecule to the nearest aromatic C-H of the inserted benzo substituent of the first molecule is just 2.169 Å. A folded benzo substituent points to this same centroid from a distance of 3.043 Å on the opposite side of the crown ring. This benzo group also shows an aromatic edge-to-face interaction with the unique benzo group of the second molecule, which occurs over a distance of 2.777 Å. Two other possible edge-to-face interactions exist, one between each ethylene chain and an aromatic carbon within a folded benzo substituent of another molecule. All of the benzo O-C-C-O torsion angles are eclipsed (cis), whereas those for the two ethylene linkages are gauche. The propylene chain has two torsion angles about C-C bonds. One of these is anti and the other gauche (clinal). The complete sequence of torsion angles beginning with the angle about the C-O (benzo carbon to oxygen) bond on one side of the propylene linkage and ending with the similar angle on the opposite side is s(sa + gs)a, where the angles about the propylene bonds have been listed in parentheses (see Table 2 Crystal structure of TB21C7 (8). Crown Ether 8 (Figure 1g , h) crystallizes in a butterfly conformation with two benzo substituents folded away from the third. The degree of folding for this crown ether is less than that seen in the other molecules presented. This allows for efficient stacking in a columnar fashion along unit cell axis c, such that the benzo substituents above and below interact in a face-to-face stacking fashion (Figure 4) . Although all three benzo groups have identical centroid-to-centroid separations of 4.685 Å, the benzo group which bends away from the other two (C3, C4, C19-C22), has longer C•••C contacts. The shortest such contact for this benzene ring is 4.29 Å, while the remaining two have much closer contacts starting at approximately 3.4 Å. Recently, the crystal structure of 4,4'-bis-tert-butylbenzo, benzo-21-crown-7 was reported by Bryan, et al. representing the first structural characterization of a tribenzo-21 crown-7 ( Figure ISSN 
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1i, j). 20 Alkyl substitution of benzo substitutents is often carried out to enhance lipophilicity of the crown ether and rarely alters the extraction characteristics of the ligand. While minor conformational differences between the tert-butyl-substituted and unsubstituted tribenzo-21-crown-7 are noted, overall the conformations are quite similar. Each exhibits 3 roughly gauche O-C-C-O torsion angles and one anti, the latter occurring within the (O-C-C-O) 2 chain for both molecules.
It is interesting to note a wide variation in the value of the clinal O-C-C-O torsion angles. In 4,4'-bis-tert-butylbenzo, benzo-21-crown-7, the three angles are tightly grouped (66.6 to 69.1º and average 68.5º. While the average of the these three angles in 8 is identical (68˚), there is a much wider range of 59.0(5) to 77.5(4) º. If the weak intermolecular interactions are indeed responsible for the observed conformation in 8, it is not surprising that some minor differences are noted. The tert-butyl groups in 4,4'-bis-tert-butylbenzo, benzo-21-crown-7 do not allow the same packing arrangement as observed in 8.
From our previous work, we are able to compare the structure of 8 with the structure of the same crown as a ligand in Rb[tribenzo-21-crown-7]picrate (Rb7picrate, Figure 1k ) 13 . As was the case in the comparison of 6 with K6picrate, the complexed metal cation significantly reduces the folding of two of the benzo substituents; although for 8, this folding was already minimal. After complexing only one of the two substituents is left in a folded-down orientation.
There is also rearrangement of the (O-C-C-O) 2 linkage. In the un-complexed structure, the two ethylene groups are clinal and anti. With the potassium cation near the center of the crown ring, they are both clinal. Again, the oxygen atoms about the ethylene groups have reoriented so that their lone pairs are directed inward toward the metal. This same trend is seen in the structure of Cs[tribenzo-21-crown-7](NO 3 ) (Figure 1l, m) 20 . Interestingly, the two benzo substituents on either side of the (O-C-C-O) 2 chain are folded slightly up for this structure, indicating that the tendency of the benzo groups to fold down in the free crown can be reversed with the addition of a metal cation. The cavity formed by the ring oxygen atoms in 8 has a distorted boat shape, similar to that found in 6. 
Conclusions
Four crown ethers were prepared by cesium-assisted cyclization and their solid-state structures were evaluated by X-ray diffraction. Through the evaluation of solid state structures, the knowledge of these ligands in their solid state furthers the understanding of these ligands as metal ion complexants when they are evaluated in solution. With the efficiency of the cesium assisted cyclization demonstrated, the preparation of starting bisphenols was improved demonstrating a robust method for the preparation of these macrocycles.
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Experimental Section
General. Reagents were purchased from commercial sources and used as received unless otherwise specified. Powdered, anhydrous cesium carbonate (99%) was purchased from Chemmetall GMBH of Germany through CM Chemical Products, Inc. (Berkeley Heights, New Jersey). MeCN was stored over 4 Å molecular sieves. When purging of a solvent was required, nitrogen which had passed through a calcium chloride drier was forced through a glass dispersion tube submerged beneath the surface of the solution. Infrared spectra were recorded with a Perkin Elmer 1600 FT-IR spectrophotometer. The 1 H and 13 C NMR spectra were obtained with IBM AF-200 and AF-300 spectrometers and chemical shifts are reported downfield from TMS. Mass spectra were obtained with a Hewlett Packard 5995 mass spectrometer using a 70 eV ionization beam with samples introduced by direct insertion. Elemental analyses were performed by Desert Analytics Laboratory (now Columbia Analytical Services) of Tucson, Arizona.
General procedure for the cesium-assisted cyclization of polybenzocrown ethers
The ring-closure procedure was successfully performed on scales ranging from 1.0 to 7.0 g with respect to the bisphenol or catechol reactant. Concentrations of 0.045 M for the catechol or bisphenol reactant and 0.090 M for the dimesylate in MeCN were determined to be optimal for minimizing the formation of the [2+2] side product. To a dry, nitrogen-flushed, three-necked flask, MeCN was added and purged for 15 min by forcing nitrogen through a glass dispersion tube which was submerged beneath the surface of the solvent. The bisphenol (1.00 g, 1.0 eq) was added and the solution was purged for an additional 15 min. Cesium carbonate (2.5 eq) was added and stirring was initiated with a bar magnet at the maximum rate of the stirring hot plate. The heterogeneous mixture was heated to reflux and stirred under nitrogen for 3 h. A solution of the dimesylate (1.0 eq) in MeCN (38 mL) was added to the refluxing, heterogeneous mixture at a rate of 3 mL/h via a syringe pump. The reaction mixture was allowed to stir for at least 12 h after the addition was finished. The reaction mixture was cooled to room temperature and filtered through a Celite pad in a sintered-glass funnel. The Celite pad was rinsed with CH 2 Cl 2 (100 mL). The combined filtrate and washing were evaporated in vacuo and the residue was dissolved in CH 2 Cl 2 (100 mL). The organic solution was washed with HCl (50 mL), H 2 O (50 mL) and brine (50 mL), then dried over MgSO 4 and evaporated in vacuo. Purification was accomplished by dissolving the residue in a minimum amount of CH 2 Cl 2 and pre-sorbing the solution onto activated alumina (4:1 g/g adsorbent to product). The presorbed alumina was loaded onto a 20:1 adsorbent to product bed of activated alumina and the product was obtained by elution with ethyl acetate. 3,8,9,14,15-Tribenzo-18-crown-6 (6 General procedure for preparation of bisphenols 2, 3, 4 and 5 from the mono-THPprotected catechol 1 and dimesylates Mono-THP-protected catechol (1P, 11.00 g, 0.566 mol, 2.2 eq) was added to MeCN (500 mL) in a 1L, three-necked flask. A nitrogen purge of the solution was commenced for 15 min and a nitrogen atmosphere was maintained during the course of the reaction. Cesium carbonate (20.98 g, 0.644 mol, 2.5 eq) was added, and the heterogeneous mixture was heated to reflux and stirred for 3 h. A solution of dimesylate (0.257 mol) dissolved in MeCN (250 mL) was added over 8 h.
2,
The reaction mixture was allowed to stir overnight at reflux after the addition was completed. After cooling to room temperature, the mixture was filtered through a Celite pad on a sintered glass funnel. The Celite pad was washed with CH 2 Cl 2 (100 mL). The combined filtrate and washings were evaporated in vacuo and the residue was dissolved in 100 mL of CH 2 Cl 2 . The organic layer was washed with distilled water (50 mL) and dried over MgSO 4 . The product was chromatographed on alumina with CH 2 Cl 2 as eluent. The solvent was evaporated in vacuo, and the residue was dissolved in 200 mL of CH 2 Cl 2 -MeOH (2:1, v/v) to which 4 drops of concentrated HCl were added. The solution was evaporated in vacuo, and a white solid was obtained. The solid bisphenols were recrystallized by dissolution in hot ethyl acetate and addition of room temperature hexanes until cloudiness just persisted. Slow cooling to room temperature resulted in the product free from impurities. 1,2-Bis(2'-hydroxyphenoxy)ethane (2) General procedure for preparation of dimethyl-protected bisphenols 2, 3, and 5 from guaiacol 6 and dimesylates A 3-necked, flask fitted with a water condenser was swept with dry nitrogen for five minutes. Guaiacol (5.00 g, 40.3 mmol, 2.2 eq) dissolved in MeCN (100 mL) was added, and the solution was stirred slowly for 30 min while it was purged with dry nitrogen. Cesium carbonate (14.92 g, 45.8 mmol, 2.5 eq) was weighed into a beaker and added to the reaction solution under positive nitrogen pressure at room temperature. After closing the system, the rate of stirring by the bar magnet was increased to its maximum setting. The heterogeneous mixture was heated to reflux and stirred for 3 h. The appropriate dimesylate (18.3 mmol, 1.0 eq) in MeCN (50 mL) was added slowly to the reaction mixture dropwise via an addition funnel. The reaction mixture was allowed to stir for an additional 24 h after the addition was completed. The reaction solution was allowed to cool to room temperature. The heterogeneous mixture was filtered through a pad of Celite in a sintered-glass funnel. The reaction flask and the Celite pad were rinsed with CH 2 Cl 2 . The solution was evaporated in vacuo, and the residue was dissolved in CH 2 Cl 2 (100 mL). The organic solution was washed with NaOH (50 mL), brine (50 mL), and distilled water (50 mL), dried over MgSO 4 and evaporated in vacuo. The residue was dissolved in CH 2 Cl 2 and added to a 1:4 ratio (weight of product to weight of alumina) of activated alumina. Evaporation in vacuo pre-sorbed the crude product onto the alumina. (A successful pre-sorbed product on alumina should use the minimum amount of alumina required to generate a free flowing powder.) The pre-sorbed alumina was placed on a column of fresh, activated alumina (20:1 adsorbent to crude product mass) and eluted with CH 2 Cl 2 . The dimethylprotected bisphenols were crystalline white solids which were recrystallized from ethyl acetate. 24 In a dry flask equipped with a water condenser, 2,4,6-collidine (50 mL) was added, and the flask was purged by forcing dry nitrogen through a gas dispersion tube under the surface of the solvent for 15 min. A nitrogen atmosphere was maintained throughout the course of the reaction. The 1,2-bis(2'-methoxyphenoxy)ethane (7, 9.76 g, 35.6 mmol, 1.0 eq) and lithium iodide (99%, 10 mesh beads or anhydrous powder, 9.77 g, 7.30 mmol, 2.05 eq) were added to the collidine under nitrogen. Stirring of the reaction mixture was commenced, and the reaction temperature was slowly raised (~10 o /10 minutes) until a temperature of 150 ºC was obtained.
1,2-Bis(2'-methoxyphenoxy)ethane (1P
(For monitoring the reaction by TLC, a small aliquot of the reaction mixture was removed, washed with HCl and extracted with CH 2 Cl 2 to separate the crude reaction product from the collidine.) Stirring and heating were continued for 3 h. The reaction solution was allowed to cool to room temperature. One of the glass stoppers was replaced with a rubber stopper and nitrogen balloon. The condenser was removed and the flask was transferred to a simple distillation apparatus. Then, the balloon was removed. The collidine was removed by distillation under high vacuum. At 0.8 Torr, the distillation occurred at ~40 o C. After the visible collidine was removed, the heat was increased until a temperature of 50 0 C was reached, and the distillation was allowed to continue for 30 min to remove any traces of collidine. The solid residue was allowed to cool to room temperature. Under nitrogen HCl (250 mL) and CH 2 Cl 2 (100 mL) were added, and the mixture was stirred for 15 min. The organic layer was removed and the aqueous solution was extracted with CH 2 Cl 2 (100 mL). The organic layer and extract were combined and washed with HCl (2 x 100 mL), H 2 O (2 x 100 mL), and brine (100 mL), dried over MgSO 4 and evaporated in vacuo. The product was analyzed by TLC and by 1 H NMR spectroscopy. Although the product (normally a white powder) contained a slight yellow color, it was difficult to detect any impurities by TLC and the 1 H NMR spectrum was consistent with the purified compound. The product was isolated in 80% yield. The mp and IR and 1 H NMR spectra were consistent with the data given in the previous section. Note. It is recommended that silicon grease be used on the joints of the reaction flask because experience has shown that the ground glass joints may fuse under the reaction conditions. It is also recommended that ground glass stoppers be used in the three-necked flask because rubber stoppers react with the collidine with leaching of the color from the rubber stopper. 1,3-Bis(2'-hydroxyphenoxy)propane (2) was prepared in a similar fashion and isolated in 66% yield. The mp and IR and 1 H NMR spectra were consistent with the data given in the previous section. o-Di[2-(2'-hydroxyphenoxy)ethoxy]benzene (4) was prepared in a similar fashion and was isolated in 64% yield. The mp and IR and 1 H NMR spectra were consistent with the data given in the previous section. General procedure for the synthesis of dimesylates from prepared and commercially available diols For dimesylation of the diols, a modified literature procedure 11 was utilized. The diol (5.0 g, 1.0 eq) was dissolved in CH 2 Cl 2 (100 mL) and cooled to 0 ºC under a nitrogen atmosphere. Triethylamine (2.6 eq) was diluted with CH 2 Cl 2 (25 mL) and added to the solution of the diol. To the stirred solution, a solution of methanesulfonyl chloride (2.2 eq) in CH 2 Cl 2 (25 mL) was added to the reaction mixture at 0 ºC, dropwise via an addition funnel. After completion of the addition, the reaction mixture was allowed to warm to room temperature over 2h. A 5% aq HCl solution was added, and the mixture was stirred for 15 min. The biphasic mixture was decanted into a separatory funnel and the organic layer was separated. The organic solution was washed with saturated aq. NaHCO 3 (50 mL), distilled H 2 O (50 mL) and brine (50 mL). The solution was dried over MgSO 4 and the solvent was removed in vacuo. Solid products were recrystallized from MeOH, and the products, which were oils at room temperature, were used without purification after their characterization by 1 H NMR and IR spectroscopy. While these dimesylates are known compounds, their physical data are rarely reported, presumably because they are typically used without purification. For example, dimesylates were reported by Reinhoudt, 25 but no data were reported. cooled to -100 ºC during data collection by using a stream of cold nitrogen gas. The SHELXTL software package was used for each solution and refinement. 26 Absorption corrections were made with SADABS. 27 Each structure was refined by using full-matrix least-squares methods on F 2 . The choice of the acentric space group for 7 was confirmed by subsequent solution and successful refinement of the structure. All non-hydrogen atoms were readily located and their positions refined anisotropically (except as noted for the disordered 6 below), while all hydrogen atoms were located from difference Fourier maps and isotropically refined without restraint. There are two unique molecules of tribenzo-18-crown-6 in the structure of 6 and disorder was resolved in one ethylene linkage in each. C5-C6 and C29-C30 were resolved into a major (A) and minor (B) orientation. For C5-C6 the disorder refined to 65%/35%, while for C29-C30 it was 70%/30%. C11 and C12 could not be refined anisotropically. No disorder was observed in (7) or (8) . The hydrogen atoms for all three crown ethers were placed in calculated positions and allowed to ride on the bonded atom with B = 1.2*Ueqv (C). Refinement of nonhydrogen atoms was carried out with anisotropic temperature factors (except for C11 and C12 in 6). A summary of data collection parameters in given in Table 1 .
